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Subject: Hydraulic model experiments f o r  the design of the Horse Mesa 
Dam spillways--Salt River Project, Arizona., 

A model of Horse Meaa D m  was tested Lo obtain an sconomicral method 
of increasing the capacity of the existing spillwayo It was also desirable 
tha t  some means be devised t o  decrease -the spray f romthe  e p i l l ~ a p ,  whioh 
i s  detrimental t o  the elec t r ica l  ins ta l la t ion  on the pmerhouse w.d oanyon 
walls, as the water carriee an appreciable amount of s a l t s  iq eoltltion. 

I I 
I Horse Mesa spillway capacity was inoreased t o  147,000 second-feet with 

a reservoir elevation of 1920.0 by the addition of a tunnel spilirray, which 
proved the most economical method. The flow conditions in the tunnel were ' 
sat isfactory fo r  a l l  discharges and no negative pressures were observed. 

As the spray c.annot be simulated i n  a model, it was d i f f i c u l t  t o  determine 1 
a method of reducing the spray from the spillways. Buckets a t  the downstr6am I 
end of the  spillways indicated tha t  the  spray might be less than i n  the origi-  
nal design. The models were used f o r  comparison and it was assumed tha t  the 

. plan producing the best resul t s  in the model would a lso  produce the beat resul t s  
in the prototype. 

I obtained :re reported herein as the f i n a l  report; I 

Horse Mesa Dam i s  located on the Sa l t  River about 37 mj.les eas t  of 

. arch type, 311 f e e t  i n  height6 ( ~ i g u r e  2), with a epillway (ares t  elevation 
1891.0) at e i the r  abutment ( ~ i g u r e s  3, 4, and 5) having a t o t a l  oapacity of 
lOO,OOO second-feet. A spillway tunnel was incorporated in the f i n a l  d e s i p  
( ~ i g u r e s  6 a d  7) adjacent t o  the northwest or r ight  spillway increaeing the 

1 t o t a l  oapasity to  147,000 se~ond-feet. The maximurn designed reservoir eleva- 
t ion  is 1920.0 which is  also t he  eleva9;ian of the parapets on the dam. 



A model of the  Horse Mesa Dam was b u i l t  i n  the  Denver Hydraulic 
Laboratory on a  s c a l e  of 1:90. The model was cons t ruc ted  i n  a  t ank  of 
wooden constr.uction and l i n e d  w i t h  l i g h t  galvanized s h e e t  metal ( ~ i ~ u r e  8). 
The a r c h  of the dam was cons t ruc ted  of 10-gage, b l ack  i ron ,  and t h e  parapet  
and b r i d g e  were of redwood. The powerhouse was b u i l t  of wood and pa in ted  
t o  r ep rosen t  the prototype powerhouse, The sp i l lways  cons i s t ed  of con- 
c r e t e  placed between metal. Templates and t h e  wooden br idge  over t h e  s p i l l -  
way were supportsd on redwood p i e r s  ( ~ i g u r e s  9, 10A and 100).  The s loping  
topography upstream from t h e  c r e s t  was cons t ruc ted  of galvanized shee t  metal 
and the  topography below t h e  dam was of concre te  and gravel .  

Water was suppl ied  t o  t h e  forebay of t ho  model through a 6-inch pipe 
from a constant-head tank. A s  t h e  wa te r  from t h e  forebay Eluwed a t  r i g h t  
anglea t o  t h e  spi l lways,  curved vanes, of 20-gage g a l v a n i ~ e d  iron,  were 
placed  i n  t h e  forebay t o  guide t h e  water  in tho d i r e c t i o n  it would approach 
t h e  sp i l lway  i n  the  prototype.  F l o a t i n g  board8 were employed i n  t h e  forebay 
t o  decrease t h e  sur face  waves p resen t  due t o  t h e  s h o r t  d i s t a n c e  f r o m t h e  i n l e t  
t o  the  spi l lways.  The t a i l w a t e r  below the dam was c o n t r o l l e d  by a hinged ga te  
( ~ i g u r e  8) .  The water  passed over  t h e  sp i l lway,  over t h e  t a i l w a t e r  c o n t r o l  
gate ,  and t h e n  flowed i n t o  a r e t u r n  flume which l e d  t o  t h e  box of a 90-degree 
V-notch weir .  Here t h e  discharge was measured and pumped i n t o  the  cons tant -  
head t ank  f o r  r ec i r cu la t ion .  

The r e s e r v o i r  e l e v a t i o n  i n  t h e  model was observed b y  a hookgage loca ted  
i n  a  s t i l l i n g - w e l l  a s  shown on Figure  8, The t a i l w a t e r  e l eva t ion  wan observed 
Prom a manometor tube  connected t o  an  o u t l e t  i n  the  bottom of t h e  t a n k  down- 
s t ream from t h e  dam. The head on t h e  90-degree V-notch measuring w e i r  was 
observed from two hookgages which operated ir, s t i l l i n g - w e l l s  mounted on t h e  
s i d e  of t h e  wei r  tank. 

Discharge Capacity of Original  Design 

The capac i ty  of the  sp i l lway  wi th  c r e s t  a t  e l e v a t i o n  1891.0 and a 
r e s e r v o i r  e l eva t ion  of 1920.0 was 100,000 second-feet.  Figure 11 shows t h e  
head d ischarge  r e l a t i o n  f o r  t h e  sp i l lway a s  o r i g i n a l l y  b u i l t ,  and Figure  10C 
shcrws t h e s e  spi l lways d ischarg ing  100,000 second-f e e t  , Figure 11 i n d i c a t e s  
t h a t  a r e s e r v o i r  e l e v a t i o n  of 1926.2 would have been necessary  t o  d ischarge  
150,000 second-feet.  A t  t h i s  e l eva t ion ,  t h e  water  would have f l w e d  over the  
parapets ,  r e s u l t i n g  i n  d e s t r u c t i o n  of t h e  powe+house. F igure  10D shows the 
model d i scha rg ing  157,000 second-feet with a r e s e r v o i r  e l eva t ion  of 1926.75. 
The above observat ions ind ica t ed  t h a t ,  t o  inc rease  t h e  capac i ty  of t h e  s p i l l -  
wsys, it would be necessary  t o  lower the  c r e s t s  o r  t o  cclnstruct an a u x i l i a r y  
spi l lway,  

Echelon Spillways 

The model sp i l lways  were a l t e r e d  t o  r ep resen t  t h e  echelon type ( ~ i g u r e  12) .  
The overflow s e c t i c n  of t he  spi l lways were cons t ruc ted  of concre te  placed between 
metal templates  and redwood p i e r s  were i n s t a l l e d  on t h e  c r e s t  on echelon +.o t h e  
flow. Tne sp i l lway c r e s t s  were lowered 2 f e e t  ( e l e v a t i o n  1889.0), and ta bucket 
downstream from t h e  c r e s t  was added i n  an  a t tempt  t o  decrease t h e  sp ray  
(Figure 13). 



w i t h  r e ~ e r v o i r  e l eva t ion  a t 1 9 2 0 . 0  Figure 1 4  shows t h e  discharge of each 
sp l l lwey  a d  t he  comhined discharges f o r  var ious  . iaservoi r  a l eva t ions .  
Figuro 13  shoors t h e  sp i l lways  d ischarg ing  148,000 second-f ee t .  There 
appeared t o  bc l e s s  spray  w i t h  t h e  added bucket  downstream from t h e  s p i l l -  
way c r e s t s  than i n  t h e  o r i g i n a l  model. 

A s  t h i s  design was c o s t l y  due t o  t h e  ~ e c o s s i t y  of r ebu i ld ing  t h e  p i e r s  
and resetting the  ga tes ,  t o  a l low f o r  lorrering t h e  c r e s t ,  a des ign .  requir3:~g 
t h e  cons t ruc t ion  of an a u x i l i a r y  s p i l l v a y  tunnel  was inves t iga t ed .  

Semifinal  Design 

In th plan, t h e  o r i g i n a l  spi l lways wore a l t e r e d  and an auxi1iar:r 
sp i l lway  tunnel  cons t ruc ted  (Figure 15) .  The p i e r s  on t h e  sp i l lway  were 
modified (Figure 1 6 ) ,  and a bucket  downstream from the cres-t; was added. The 
model ~pillw~y c r e s t s  and buckets  were cons t ruc ted  of concre te  placed between 
metal templates .  P i e r s  and b r idge  s t r u c t u r e s  were of redwood and t h e  t r a i n -  
ing-walls cons is tod  of metal.  A sp i l lway tunnel  was a l s o  incorporeLed i n  t h i s  
des ign  (Figure 17) ,  w i t h  c r e s t  a t  e l e v a t i o n  1869.50. Figursls 18, '19A, and 19C 
show t h e  model cons t ruc ted  t o  t h i s  d e s i g .  

For t h e  semif ina l  design, t h e  l e f t  sp i l lway had a c a p w i t y  of 36,500 
second-feet and t h e  r i g h t  sp i l lway  had a capac i ty  of 65,200 second-feet 
w i t h  t h e  r e s e n r o i r  e l eva t ion  a t  1920.0 (Figure 20)  which made the  combined 
capac i ty  101,700 second-feet.  Figure 20 gives t h e  d imharge  of t he  r i g h t  
and l e f t  sp i l lways  f o r  var ious  r e s e r v o i r  e l eva t ions .  F igures  19B and 19B 
shmr the  two spi l lways d ischarg ing  w i t h  me.ximum ponh e l e v a t i o n  (1920.0). 

The r e l a t i o n  of t h e  d ischarge  through tho tunnel  t o  t h e  r e s e r v o i r  
e l e v a t i o n  is  shmm on Figure 20. The discharge f o r  maximum r e s e r v o i r  e leva-  
t i o n  was 47,600 second-feet.  Figure 22 shows the! flaw condi t ions  f o r  t h e  
maximm r e s e r v o i r  e l e v a t i o n  and Figure 21 sho-NS .the water  sur face  and pres-  
su res  i n  t h e  i n c l i n e d  tunnel  f o r  maximum discharge.  Negative pressures  d i d  
not  e x i s t  and flow i n  t h e  tunne l  was s a t i s f a c t o r y  f o r  a l l  discharges. A 
p i e r  nose was evolved (Figure IS ) ,  which produced s a t i s f a c t o r y  ent rance  
condi t ions  t o  t h e  tunnels .  

For geo'iogical reasons,  it was necessary  t o  r e l o c a t e  t h e  c e n t e r l i n e  of 
t h e  tunnel  i n  t h e  f i e l d .  

F ina l  Design 

Tho n e c e s s i t y  f o r  t h e  tunne l  r e loca t ion  was disccvereq some t ime a f t e r  
t h e  f i r s t  model w a s  dismantled and it was the re fo re  r e q u i s i t e  t o  c o n s t r u c t  
another  model a s  t h e  en&ance condi t ions  t o  t h e  two were q u i t e  d i f f e r e n t .  I n  
the  second model, it was necessary  t o  c o n s t r u c t  on ly  t h e  r i g h t *  api l lway and 
t h e  tunnel  (Figure 2 3 ) .  The c e n t e r l i n e  of the  tunnel  was moved 30 f e e t  
(pro to type)  t o  t h e  r i g h t  b u t  remained p a r a l l e l  t o  tho  former can te r l ine .  I t  
was only  necessary  t o  s tudy t h e  flow condi t ions  t o  the  tunnel and r i g h t  s p i l l -  
way as t h e  remainder of t h e  s t r u c t u r e  was the  same a s  the  o r i g i n a l .  



I 
A t ank  was cons t ruc ted  of wood and l i n e d  with, l i g h t  galvanized shee t  

box which was used t o  c a l i b r a t e  t h e  flow through the  sp i l lway  tunnel .  The 
r i c h t  sp i l lway  was cons t ruc ted  a s  i n  t h e  semi f ina l  design and t h e  a r c h  of 
t h o  dam cons is tud  of 16-gage b l a c k  i ron.  Rock ba.ff les  were used t o  produce 
unif orrn v e l o c i t y  upstream f rorn t h e  model and upseream from t h e  smal l  90-degree 
V-notch meesuring weir.  . 

r e so rvo i r  o leva t ions  f o r  t h i s  tunnel  i s  s h m  plotted on Figure 20. Figurtl 24B 
shows the en t rance  condi t ions  with t h e  tunnel  d ischarg ing  25,000 second-fwt ,  
and Figure 24C shaws the  tunnel  and t h e  spi1lwe.y d ischarg ing  47,000 and 65,200 
second-feet,  r e spec t ive ly ,  w i t h  a r e se rvo i r  e l e v a t i o n  of 1920.0. Figure 25 
shovrs t h e  water  sur face  i n  t h e  approach t o  t h e  tunnel  f o r  maximum discharge. 

The model of t he  f i n a l  d e s i g  ind ica t ed  a c a p a c i t y  of 150,000 second-feet 
wi th  a l l  spillvrays ope rc t ing  f o r  a r e s e r v o i r  e l eva t ion  of 1920.0. 

Spray below powerhouse. Spray cannot bo t e s t e d  i n  a modal due t o  t h e  
i n a b i l i t y  t o  obta in  a liquid with  the propor v i s c o s i t y  and su r face  tonsion.  
The models were t h e r e f o r e  compared on t h e  b a s i s  t h a t  t h e  layolit  producing 
t h e  smoothest f l a v  i n  t h e  model would c r e a t e  t h e  l e a s t  spray  i n  the  prototype. 
The q u a n t i t y  of spray produced could n o t  be determined i n  t h e  model and the  
use of buckets  a t  t h e  dovmstream end of t h e  spi l lways only i n d i c a t e d  t h a t  t he  
spray a t  the powerhouse m.y L e  l o s s  than i n  the  o r i g i n a l  design. 
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A. 1Po Flaw Crest Elevation m.0 

B .  Reservoir ~ e v a t i o n  1920.0 
Discharge 148,000 Second-feet 
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RIGHT AND LEFT SPILLWAY DETAILS 
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A. No Flow 

B. Reeervoir mevat ion 1920.0 
Discharge 150,000 Second-f ee t  
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A. Looking Upstream B. Close-up 
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